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57 ABSTRACT 

A color image recording apparatus that detects a non 
uniformity in recorded pixels of a recorded color image. In 
the apparatus, a recording device has a plurality of recording 
units, each of the recording units having a plurality of 
nozzles which record different pixels, respectively. The 
plural recording units corresponding to a plurality of differ 
ent color materials, respectively. The apparatus causes the 
nozzles of the recording device to form a color image 
including a plurality of recorded pixels, using a mixture of 
the plural colors, each of which has a constant density. A 
detector detects a density non-uniformity in the recorded 
pixels of the thus recorded color image including a plurality 
of recorded pixels and has an associated output. A controller 
controls of the nozzles in accordance with the density 
non-uniformity detected by the detector. 

8 Claims, 6 Drawing Sheets 
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APPARATUS AND METHOD FOR 
RECORDING COLOR IMAGES WITH 
INCREASED IMAGE UNIFORMITY 

This application is a continuation of application Ser. No. 
08/034,172 filed Mar. 18, 1993, now abandoned and which 
is a continuation of application Ser. No. 07/587,786 filed 
Sep. 25, 1990, now abandoned. 

FIELD OF THE INVENTION AND RELATED 
ART 

The present invention relates to a color image recording 
method and apparatus, more particularly to Such a method 
and apparatus for forming a color image using plural record 
ing heads. 

In a known apparatus, an image is read and is converted 
to image data which are in turn converted to digital Signals. 
The digital signals are processed, and an image is recorded 
by recording heads using the processed data. In Such an 
apparatus, the densities of the record is not necessarily 
uniform among the plural recording elements due to record 
ing property variations attributable to the recording head 
manufacturing proceSS and attributable to the recording head 
constituting materials. This non-uniformity results in density 
non-uniformity of the recorded image. In order to avoid the 
problem, it has been proposed that a test run be performed 
before the recording operation begins to determine the 
output properties for the respective recording elements, and 
the output properties are Stored as data. In accordance with 
the Stored data, the input image data is corrected So as to 
compensate for the above described density non-uniformity. 
U.S. patent application Ser. Nos. 271,299 and 480,041, 
assigned to the assignee of this application, for example, 
propose methods of the correction. 

However, it is not possible to completely remove the 
non-uniformity by the correction, and it is unavoidable that 
Some non-uniformity remains. Generally, if the correction is 
made to Such an extent that the non-uniformity is 
inconspicuous, it is practically Sufficient. 

However, even if the correction is made to the above 
extent for a Single color, the non-uniformity may be very 
conspicuous when a color image is formed using two 
different color heads. 

Referring first to FIGS. 3 and 4, this will be described 
more in detail. In FIG. 3, the ordinate represents a density, 
and the abscissa represents positions of the individual heads 
in a multi-head recording apparatus. Even if the density 
non-uniformity of each of the heads is So Small as to be 
inconspicuous, the density non-uniformity for the complete 
image is amplified and becomes very conspicuous when the 
patterns of the respective color image components have the 
Same phase, as shown in FIG. 3, which causes the density 
non-uniformity to be Superposed to each other. 
On the contrary, when the patterns have the opposite 

phases as shown in FIG. 4, the magenta component is 
Stronger in a portion A, and the cyan component is Stronger 
in a portion B. Thus, the color non-uniformity or imbalance 
is produced and is very conspicuous. Thus, when a color 
image is produced using two or more color heads, the 
density non-uniformity may be strengthened depending on 
the non-uniformity patterns of the respective heads, with the 
result of non-uniformity in the color. It is possible that the 
resultant non-uniformity is not expected from the non 
uniformity pattern in a Single color recording. 

SUMMARY OF THE INVENTION 

Accordingly, it is a principal object of the present inven 
tion to provide a color image recording method or apparatus 
wherein the density non-uniformity is Suppressed. 

5 

15 

25 

35 

40 

45 

50 

55 

60 

65 

2 
It is another object of the present invention to provide a 

color image recording apparatus or method wherein the 
density non-uniformity of mixed color recording is cor 
rected. 

It is a further object of the present invention to provide a 
color image recording method and apparatus wherein the 
color reproducibility is improved. 

According to an embodiment of the present invention, 
there is provided a color image recording apparatus com 
prising recording means including plural recording heads for 
different colors to record a color image, detecting means for 
forming a mixed color image using at least two recording 
heads, and for detecting a density non-uniformity of the 
image, and control means for controlling Said recording 
means in accordance with an output of the detecting means. 

Still another embodiment of this invention pertains to a 
color image recording apparatus which includes a recording 
means for recording having a plural recording units each 
having plural recording elements arranged in a predeter 
mined direction, the recording means recording a color 
image using different colors, means for causing the record 
ing elements of the recording means to form the color image 
including plural recorded pixels arranged in the predeter 
mined direction, using a mixture of the colors each of which 
has a constant density, and detecting means for detecting a 
density non-uniformity, in the predetermined direction, of 
the thus-recorded color image including plural recorded 
pixels and having an associated output. A control means 
controls the recording means in accordance with the output 
of the detecting means. 
An additional aspect of this invention concerns a color 

image recording method, which involves forming a color 
image with a mixture of different colors provided by plural 
respective recording units each having plural recording 
elements arranged in a predetermined direction and corre 
sponding to the different colors, each of which has a constant 
density, the Said recording elements forming an image 
having plural recorded pixels arranged in the predetermined 
direction. The method also involves detecting a color non 
uniformity, in the predetermined direction, of the thus 
recorded color image including plural recorded pixels 
formed by the recording elements, and controlling the plural 
recording elements in accordance with the color non 
uniformity detected in the detecting Step. 

Yet another aspect of this invention relates to a color 
image recording apparatus which includes plural recording 
heads for recording different colors, at least one of the 
recording heads having plural recording units each having 
recording elements arranged in a predetermined direction, 
and means for causing the recording elements to form a 
color image including a plurality of recorded pixels arranged 
in the predetermined direction, So that the image is formed 
with a mixture of the colors each of which has a constant 
density. A detecting means detects a density non-uniformity, 
in the predetermined direction, of the color image having the 
pixels recorded with the mixture of plural colors. 

These and other objects, features and advantages of the 
present invention will become more apparent upon a con 
sideration of the following description of the preferred 
embodiments of the present invention taken in conjunction 
with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram for an image recording appa 
ratus according to a first embodiment of the present inven 
tion. 
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FIG. 2 is a block diagram illustrating Second and third 
embodiments of the present invention. 

FIGS. 3 and 4 illustrate non-uniformity of a color mixed 
image. 

FIG. 5 shows correcting lines in an embodiment of the 
present invention. 

FIG. 6 illustrates non-uniformity pattern read signal. 
FIG. 7 illustrates method of producing non-uniformity 

correction data in a first embodiment of the present inven 
tion. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring to FIG. 1, there is shown a block diagram used 
in the recording apparatus according to a first embodiment 
of the present invention. In FIG. 1, references 21a, 21b and 
21c designate image Signals for cyan color, magenta color 
and yellow color, respectively. The apparatus includes cor 
rection tables 22a, 22b and 22c for the respective colors. The 
color are signals after the correction for the respective colors 
indicated by references 23a, 23b and 23c. The apparatus 
comprises a binary coding circuit 31a, 31b and 31c, inkjet 
recording heads 24a, 24b and 24C each having 256 nozzles 
and a reader 25 provided with red (R), green (G) and blue 
(B) filters. The signals produced by the reader 25 are 
indicated by references 26a, 26b and 26c, which are read 
through R, G and B filters, respectively. The apparatus 
further comprises a RAM 32 for temporarily storing the R, 
G and B Signals and a CPU for processing correction data on 
the basis of the R, G and B signals. The correction data for 
the cyan, magenta and yellow colors produced by the CPU 
27 are indicated by references 28a, 28b and 28c. The 
apparatus also includes color correction RAMS 29a, 29b 
and 29c for the respective colors. The non-uniformity cor 
rection Signals for the respective colors are depicted by 
references 30a, 30b and 30c. 

The input image Signals 21a, 21b and 21c are processed 
according to the non-uniformity correcting tables 22a, 22b 
and 22c So as to compensate for the non-uniformities 
peculiar to the respective recording heads 24a, 24b and 24c. 
As shown in FIG. 5, the non-uniformity correction table 

contains 61 correcting curves representing (Y=0.70X), 
(Y=1.30X) with through increments that are 0.01 of the 
Slope, where X is the input, and Y is the corrected output. A 
correction curve is Selected on the basis of non-uniformity 
correcting signals 30a, 30b and 30c. When a picture element 
Signal is applied to a nozzle having the property of large dot 
diameter, the correcting curve with Small slope is Selected, 
whereas when it is the nozzle having the property of Small 
dot diameter, a large slope correcting curve is Selected, by 
which the image Signal is corrected. 

The non-uniformity correction tables 22a, 22b and 22c 
Store Selection signals for the correction curves required for 
correcting the non-uniformities of the respective recording 
heads. More particularly, the correcting Signals from the 61 
lines are stored for 256 nozzles (the recording heads 24a, 
24b and 24c have 256 nozzles), in this embodiment. In 
response to input Signals, non-uniformity correcting Signals 
30a, 30b and 30c are produced. After the correction on the 
basis of the Selected curves, the corrected image Signals 23a, 
23b and 23c are converted to binary Signals using the binary 
coding circuits 31a, 31b and 31C using dither processing, an 
error dispersing process or the like. The multi-nozzle inkjet 
recording heads 24a, 24b and 24c are driven by the binary 
Signals thus provided. In this manner, the uniform images 
can be provided. 
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4 
Referring to FIG. 7, the method of producing correction 

data will be described. First, in response to an unshown 
control Signal, a curve of slope 1.0 is Selected from each of 
the non-uniformity correcting tables 22a, 22b and 22c, that 
is, the non-correcting operation mode is established (step 41, 
FIG. 7). Then, a correction pattern is provided from an 
unshown signal Source, and a correction pattern is printed or 
recorded by the recording heads 24a, 24b and 24c (step 42). 
AS for the correcting pattern, any of a number of types are 
uSable, and one skilled in the art can properly Select Such 
pattern in accordance with the Spirit of the present invention. 
In this embodiment, a uniform pattern in six colorS is used 
wherein the pattern is made of cyan color, magenta color, 
yellow color (Single colors), a red color, a green color and a 
blue color (mixtures of two colors). 
The output pattern is read by the reader 25 (FIG. 1) and 

the read signals 26a, 26b and 26c for three colors read by the 
reader 25 are once stored in the RAM32 (step 43). The CCD 
of a reader 25 has the reading density which is the Same as 
the recording density of the recording heads. In this 
embodiment, it is 400 dpi. In this embodiment, the number 
of picture elements of the CCD is larger than the number of 
the nozzles 256 of the recording head. Therefore, by the 
reading operation, three color Separated Signals of the non 
uniformity pattern of the Six color pattern are determined. 

FIG. 6 is the three-color-Separated Signals provided in this 
manner. For the cyan pattern, the picture element printed by 
the first nozzle is read, and an R-reading output is Rc1, 
G-reading output is Gc1, B-reading output is Bc1. When the 
cyan pattern is read, Rc1-Rc256, Gc1-Gc256, Bc1-Bc256 
are obtained. Similarly, when the magenta pattern is read, 
Rm1-Rm246, Gm1-Gm256, Bm1-Bm256 are obtained. 
When the yellow pattern is read, Ry1-Ry256, Gy1-Gy256, 
By 1-By256 are obtained. When the red pattern is read, 
Rr1-Rr256, Gr1–Gr256, Br1-Br256 are obtained. When the 
green pattern is read, Rg1-Rg256, Gg1-Gig256, Bg1-Bg256 
are obtained. When the blue pattern is read, Rb1-Rb256, 
Gb1-Gb256 and Bb1-Bb256 are obtained. 
The characteristics of the R, G, B filters of the reader are 

known. The CPU 27 executes a process on the basis of the 
known characteristics of the filters and the Signals Rc1, Gc1 
and Bc1 stored in the RAM 32 to determine a chromaticity 
L*abc1 when the first nozzle of the recording head prints the 
cyan pattern (L represents lightness, and ab represents the 
chromaticity). Similarly, the chromaticity L*abm1 when the 
first nozzle prints the magenta pattern is obtained from the 
signals Rim 1, Gm1 and Bm1; L*aby 1 is obtained from the 
Signals Ry1, Gy1 and By 1. After all, the determinations are 
made as to the chromaticities L*abc1, L*abm1, L*aby 1, 
L*abr1, L*abg1 and L*abb1 when the first nozzle prints six 
color patterns, respectively (step 44). 
On the other hand, ROM 101 in the CPU 27 stores the 

ideal chromaticities of the Six color output pattern, they are 
L*abco, L*abm0, L*aby0, L*abrO, L*abg0 and L*abb0. 
The color difference E*abc1, for example, for the cyan 

pattern can be expressed as: 

AE's abc1 = WLac-Laco (a sci-asco - (beef-baco 

Similarly, the color differences between the measured 
chromaticity of the test patterns and the ideal chromaticities 
are determined for the magenta color, yellow color, red 
color, green color and blue color. They are AEabm1, 
AE*aby1, AE*abr1, AE*abg1, E*abb1 (step 45). 

Then, the mean Square root value of the color differences 
for the respective test patterns is obtained by the following: 
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AE: abi = 

WAEabel) + (AE's abm 1) + (AE saby 1) + (AE's abr 1) + (AE's abg 1) + (AE: abb 1)? 

(Step 46) 
Then, the C, M and Y signals are corrected so that the 

value AE*ab1 is at a minimum (step 47, FIG. 7). 
More particularly, the change in Lab when C, M and Y 

Signals are Slightly changed is empirically determined in the 
respective patches of the chromaticities, and resultants are 
stored in the form of polynomials or LUT. On the basis of 
these when the C, M and Y signals are changed by small 
amounts Lab is calculated, and the basis of the calculated 
values, AEab1 is calculated. Then, the correction amounts 
for the C, M and Y signals providing the minimum value for 
AE* ab1 are determined. Then, selection signals for the 
correction curve in the non-uniformity correcting table is 15 
determined in accordance with the correction amount (Step 
48). The above described processing is executed for the first 
nozzle through the 256th nozzle (step 49). Then, the selec 
tion signals for the correcting tables are determined for the 
respective nozzles. They are Stored in the non-uniformity 
correcting RAMs 29a, 29b and 29c in FIG. 1 (step 50). 
AS described in the foregoing, the Signals for the respec 

tive colors are corrected using the correction data described 
above, by which the chromaticity of each nozzle is corrected 
to be at the ideal level, and therefore, the non-uniformity can 
be corrected when the colors are mixed. In addition, the 
correction is made as an average for plural patterns, and 
therefore, the non-uniformity is not unexpectedly conspicu 
ous in a particular color mixture pattern. 

In this embodiment, the outputting and reading of the 
non-uniformity correcting pattern may be carried out by a 
Service man or a user, or it is possible that the apparatus 
automatically performs corrections. In an apparatus wherein 
the original is read by CCD having three color filters, and an 
image is produced by a color printer, the original reader may 
be used as the reader described in the foregoing. 

Another embodiment will be described. 

In the first embodiment, the number of dots by each 
nozzle is corrected. In the Second embodiment, however, the 
width of the driving pulse applied to each nozzle is cor 
rected. 

FIG. 2 shows a block diagram therefor, wherein the same 
reference numerals are assigned to the corresponding parts. 

The corrected signals 23a, 23b and 23c are supplied to the 
driving circuits 51a, 51b and 51c. The driving circuits 51a, 
51b and 51c produce driving pulse signals 52a, 52b and 52c 
having the pulse widths in accordance with the magnitudes 
of the signals 23a, 23b and 23c. By this, the multi-nozzle 
recording heads 24a, 24b and 24c are driven. The multi 
nozzle heads are of piezoelectric type, in which the quantity 
of the ink ejected is changeable in accordance with the 
driving pulse width. Therefore, the non-uniformity can be 
corrected with the above-described structure. 

A third embodiment of the present invention will be 
described, wherein the Voltage of the pulse applied to each 
of the nozzles is corrected. In this embodiment, the driving 
circuits 51a, 51b and 51c control the driving voltages 
applied to the recording heads 24a, 24b and 24c. The 
voltages of the driving pulses 52a, 52b and 52c are con 
trolled in accordance with the signals 23a, 23b and 23c, and 
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the control Signals are produced. The plural recording heads 
24a, 24b and 24c are capable of controlling the quantity of 
ejected ink in accordance with the driving Voltage, and 
therefore, the non-uniformity can be corrected in the Struc 
ture described above. 

In the foregoing embodiments, the chromaticity as deter 
mined by Lab is used, but this is not limiting, and another 
chromaticity coordinate System, Such as Luv or the like is 
usable. The type of the multi-head may be a full-line head 
having a length equal to the image recording width, or a 
Semi-multi-head wherein Serial Scanning is used. 
The recording head is not limited to tan inkjet recording 

head, but it may be a thermal recording type head Such as 
thermal transfer type. In the case of inkjet recording heads, 
it is not limited to the piezoelectric type Such as that, but may 
be another type in which a bubble is produced by a heater in 
a nozzle to eject the ink from the nozzle. 
The correction (test) pattern is not limited to six colors, 

but any desired colors and any desired number of patterns 
are usable. 
The value Eab1 which is to be minimized is not limited 

to the mean Square root of the color difference in each of the 
test patterns, but may be a simple average or a weighted 
average giving weights to the respective test patterns. 
AS described in the foregoing, according to the present 

invention, in a color image recording apparatus or method 
using plural recording heads at least one of number of dot 
prints, a Size of the dot or the density thereof for each picture 
element is corrected So that when a uniform pattern is 
printed, the chromaticities of the respective picture elements 
are Substantially the Same. Then, a uniform image can be 
provided even if the colors are mixed. 

In addition, the correction is made Such that the effects of 
the correction are on the average of different color uniform 
patterns, and therefore, the 25 non-uniformities for the 
respective colors are Small on the average. 

In this embodiment, the test pattern uses colors including 
red, green and blue (mixed colors) and yellow, magenta and 
cyan colors (single color pattern), and therefore, the density 
non-uniformity can be minimized for the full-color image. 
The color mixture may be between the similar colors, for 
example, dark and light Similar color ink may be mixed. 

According to the embodiment using the color mixture, the 
non-uniformity can be corrected with high accuracy. 
While the invention has been described with reference to 

the Structures disclosed herein, it is not confined to the 
details Set forth and this application is intended to cover Such 
modifications or changes as may come within the purposes 
of the improvements or the Scope of the following claims. 
What is claimed is: 
1. A color image recording apparatus including a plurality 

of recording heads for effecting recording with different 
colors, said recording heads each having a plurality of 
nozzles, Said color image recording apparatus effecting color 
recording on the basis of image data corresponding to 
respective colors, Said apparatus comprising: 

test pattern recording means for effecting recording, by 
Said plurality of heads on a recording material, of a 
plurality of test patterns comprising a monochromatic 
test pattern and a test pattern provided by a color 
mixture by at least two of Said recording heads, 
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detecting means for detecting a density non-uniformity in 
the recorded plurality of text patterns; 

calculating means for calculating correction data for 
respective ones of the nozzles on the basis of detecting 
of the plurality of test patterns, and 

correction means for correcting the image data on the 
basis of the correction data provided by Said calculating 
CS. 

2. An apparatus according to claim 1, wherein Said 
recording elements are inkjet recording elements. 

3. An apparatus according to claim 2, wherein Said inkjet 
recording elements use thermal energy to produce a bubble 
to eject a recording ink. 

4. An apparatus according to claim 1, wherein Said 
detecting means further comprises a photoelectric trans 
ducer element for converting an optical density of the color 
image to an electric Signal. 

15 

8 
5. An apparatus according to claim 1, wherein Said 

calculating means calculates the correction data So as to 
SuppreSS density non-uniformity of the plurality of test 
patterns. 

6. An apparatus according to claim 1, wherein the test 
pattern provided by the color mixture is made of at least two 
color materials of cyan, yellow and magenta. 

7. An apparatus according to claim 1, wherein Said 
calculating means calculates the correction data for each 
nozzle of the plurality of recording head on the basis of 
chromaticity at a position corresponding to each of the 
nozzles in the plurality of test patterns. 

8. An apparatus according to claim 1, further comprising 
means for binarizing the image data corrected by the cor 
rection means. 
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It is certified that error appears in the above-identified patent and that said Letters Patent is 
hereby corrected as shown below: 

Column 7 
Line 10, "elements" Should read -- nozzles --, and 
Line 12, "elements" Should read -- nozzles --. 
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Twenty-fifth Day of June, 2002 

JAMES E. ROGAN 
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